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SUMMARY 

Data on atmospheric  turbulence in   t he   v i c in i ty  of thunderstorms 
obtained during a fl ight  evaluetion of an experlmental C band (5.5 cm) 
airborne radar are summaxized. The turbulence data were obtained  with 
an NACA VGH recorder  installed  in a United A i r  Lines DC-3 airplane. 

Several  studies have  been made in recent years on the  use of airborne 
radar as a navigational aid for  the p i l o t  (see, f o r  exsmple, refs. 1 
2nd 2) .  A s  a continuation of t h i s  work, United A i r  Lines,  Inc.,  has 
recently completed a P l i g h t  evaluation of an experimental C band (5.5 an) 
airborne weather radar t o  determine i t s  application in avoiding  regions 
of severe  turbulence i n  thunderstorm areas. Results from some phases of 
the work have been presented in  reference 3 .  The NACA assis ted in this 
work by providing an NACA VGH recorder (ref. 4) for obtaining information 
on the  turbulence  encountered on the flights and by evaluating  the  records 
for .correlat ion with the  radar  indications. This report  was prepared to 
ssmrmarize the  gust-velocity data obtained from the  VGH records. 

SCOPE OF TESTS AMD APPARATUS 

A t o t a l  of 40 flights was W e  by kited A i r  Lines, kc., with a 
Douglas DC-3 airplane between June and  October 133 i n  the v ic in i ty  of 
Denver, Colo. Of these flights, 12 were made fo r  the technical  evalu- 
a t ion and adjustment of the radar, and the remaining 28 flights were 
made i n  surveying  thunderstorm areas t o  obtain radar and turbulence  data. 
A t o t a l  of approximately 80 hours  of flight was made in the immediate 
vicinity of thunderstorms. 
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The NACA VGH recorder  installed in the  airplane t o  obtain  gust data 
provides R continuous  record of airspeed,  pressure  altitude, and normal 
acceleration. A detailed  description of the instnrment  is  given in ref- 
erence 4. For  use  in  the  present  tests, the pitot and static  leads  from 
the  instrument  were  connected t o  the  airplane  service  system  and  the 
accelerometer  transmitter  was  mounted  near  the  center of gravity of the 
airplane.  The  airspeed  system  was  calibrated in flight  by b i t e d  Air 
Lines,  Inc. In addition t o  1-minute  t3ming marks, a separate reference 
mark was impressed on the VGII record  each  time a photograph was taken of 
the  radar  scope in order to synchronize  .the  turbulence and radar  data. 

EVALUATION AND PRESENTATION OF DATA 

The  evaluation of the VGE recorda  consisted  of  reading  the individual 
acceleration  peaks and the  associated  airspeed and altitude to determine 
the  derived gust velocities  Ude  above a threshold of 10 0 s .  The 
derived gust velocities  are  defined by equation (ll) of reference 5. 
These  velocities  are  about 50 t o  70 percent  larger than the  velocities 
computed  according t o  the  gust-velocity  scale used In past radar 
evduations (ref. 1) . 

The  values of the  positive and negative gust velocities  above a 
threshold of 10 fps  derived from the VGH records  are summarized by  date 
and fl ight number in table I. The radar picture numbers In this  table 
correspond t o  the United A i r  Lines  numbering of their  photographs of the 
radar scope.  The  photographs  were  taken  at nonuniform time  intervals 
and, in many cases, a number of gusts were  encountered in the intervals 
between  successive  photographs. To ass is t  in correlating the photographs 
with  the  gust  data,  each gust evaluated from the  records has been  iden- 
tified in the  table  according to the 1/2-minute time  interval that the 
gust was encountered  after the time  the  photograph was taken. For  addi- 
tional  Information,  the  pressure  altitude,  airspeed, and acceleration 
read from the  record m e  also noted in the table for each gust evaluated. 

The  values of gust velocity  smmarized in table I are in agreement 
with other gust  measurements taken by t h e  NACA for  similar flights  near 
or below thunderstorms.  Since  the  present flights did not, in general, 
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penetrate  the  thunderstorms, the gust veloci t ies  are lower than might be 
expected  within  the more active  portions of thunderstorms. 

Langley Aeronautical  Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va. , June 2, 1954. 

E. e. k 
E. C. Coe 

mthematician 

4;r- e- ?A 
M.  W. Fetner - 

Mathematics Aide 

Approved : 

Chief of Dynamic Loads Division 
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c TABLE I.- SLRMKRY OF TURBtilEXZi DA!CA - Continued 

mar 
no. 

2-mFnute Altitude, increment, 

210 
212 
2l4 

216 

232 
235 
236 

237 

269 
278 
290 

330 

331 

335 
343 
346 
392 
393 

2 
2 
2 
2 
1 

2 
1 
1 
1 
2 

2 
3 
3 
4 
7 

8 
1 
1 
1 
1 
1 
1 
2 

1 
1 
1 

0.30 
.54 - 32 .44 

"30 

-. 33 
.48 
.45 
-53 
.33 

-31 
-32 -. 35 
-38 
32 

-.45 
- 0  39 
.40 
33 
.41 

-33 
-.39 
.35 

0.35 
.61 -. 34 
.33 
-38 

.38 - 32 
"29 

.33 -. 35 

-.41 
-.49 
.34 

"52 
-.59 

.33 
-36 -. 34 

-. 28 .32 

33 
-45 

"32 
"46 -. 32 

10.4 
17.6 
Y. 2 
15.5 

-10.6 

-u. 6 
16.3 

10.8 

10.2 
10.4 

-115  
12.7 
10.7 

-4.8 
-10.4 
n. 5 
m.9 
14.0 
-u. 2 
-12.6 
10.0 

14.5 
17.4 

10.7 
18.2 
-1L 1 
10.2 
u. 2 
10.6 
11.2 -ll. 0 
10.2 

-10.5 

-12.2 
-15.1 
10.0 

-19.0 
-19.2 

10.7 
10. g -ll. 7 lo. 9 

-10.0 

10.4 
16.1 

-11.6 

-10.5 
-15 3 



NACA RM L54F07a 

L 

1 
6 
9 
9 
2 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 

7 
1 
1 
1 
1 

4.53 
-.30 - 63 
-.43 
.33 

-. 31 
33 
.40 

”31 
.78 

”32 
”30 - 36 
“46 
“46 

.9 

.37 

- 30 
-36 
50 

- 31 -. 32 
-.48 
.34 

-.33 
-35 

-0.27 
-37 
-.43 -. 54 -. 30 

31 - 31 
.39 

-37 -. 34 

-34 
-.39 

.44 .46 

.% 
-.44 
“32 
“32 
-.34 
-.32 

.?I  
-a 38 

.41 
-3’7 
.37 

-18.3 
-10.0 
20.1 
-13 - 3 
10.6 

-10. $ lo. 0 l4. I 
-10.0 
23.9 

-10.4 
-10.1 
10.8 

-16.7 
44.2 

10. g ll. 2 
10.1 
11.4 
16.8 

10.0 
-10.5 
-16.1 
10.7 

-m.2 
12.1 

-10.1 
-10.0 -ll. 5 
44 .1  
-10.6 

10.8 
10.1 
12.8 
-11.8 
-I.L 8 

11.6 
-l4.3 
17. o 
14.8 ll. 1 
-a. 0 -lo. 9 
-10.2 
-11.5 
-10.4 

-=3 
10.0 

u . 3  
-Y. 3 
a 8  



NCI(=A RM L54FO7a 7 

~ 

1 
1 
1 
1 
1 

1 
1 
1 

1 
1 

1 
1 

2 
1 
3 
1 

1 
1 

1 
2 

I 
1 

1 
1 

1 
2 

0 -37 
.31 

-.38 

-36 
-36 

"46 
-.33 .40 

.38 -. 38 

"39 -. 36 
.% 
.37 -. 34 
-.* -.a 
.42 - 32 .29 

"38 -. 31 -. 32 
.38 
.43 - 52 

- 39 

-.45 
"31 

-58 
.bo 

u.2 

-12.8 
10.6 

32.2 
n. 1 

-3l.2 
-15.8 

l 2 . k  

-12. g 
11.1 

-13.0 
-12.6 u.. 0 
n . 3  -u.. 1 

-10.9 -a. 0 
14.2 
10.6 
10.2 

-12.7 
-m.1 
-10.1 
12.2 
n. 5 
13.7 

14.4 
-14.4 
L O  
n.2 
n. 1 
12.1 -lo. 9 

-12.4 
e .2  lo. 7 

-15.2 

10.6 
11.0 

11.0 
-u. 7 
14.8 

-10.2 

r 1 
1 
1 
1 

0.30 

-38 
-30 

-. 32 
"38 

-.35 
.39 
.40 
-.SO 
.a 

10.4 
10.6 
l4.l 

-10.0 
-11.6 

-10.6 
12.2 
12.8 
-12.6 
10.1 



8 MCA RM L54~07a 

0. : 
Radar 

picture 
m. 

1/2&te 
interval 

135 

136 
139 

140 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
I 
2 
1 
1 

1 
2 
2 
1 
1 

1 
1 
1 

1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
2 
2 

-.39 
-.33 
.3l 

-.39 
.33 

-32 
35 

.35 
-34 
-31 

.28 
-.32 

0 43 

-.a -. 39 

* 32 -. 39 -. 37 

-.% 
-34 

.41 -. 31 -. 29 
-46 
38 

“36 .34 .34 -. 32 -. 31 

-.32 
-.39 
-.33 
-4 -. 45 

.55 - 38 
.38 
50 

.37 

“40 
“32 
.35 
-36 
.48 

-.37 

-. 34 -32 

-.32 - 30 
-.36 
-.49 

-12.0 
-10.6 
10.4 

-12.9 
10.4 

10.3 
n . 4  
12.0 
12.0 ll. 1 
10.2 -ll. 0 
13-7 

-12.3 
-l4.4 

10.4 
-12.6 
- L 8  

-l4.1 
lo. 1 

n. 3 
-10. g 
-10.0 
12.2 
10. g 

-10.0 
lo. 6 
10.6 

-10.5 
-10.5 

-10.7 
-13 5 
-10. g 

-13.8 
-10.0 

17.0 ll. 2 
16.9 
Y. 8 

13.2 

-12.2 
-11.3 
12.7 
n. 6 
15- 7 

-Y.4 
10.1 

-10.9 
-10. g 
10.2 -Lo. 7 
-13.4 



9 

a. 
a a00 
070 

a. 
a. a aoe 

5 
1 
1 
3 
3 

4 
3 

5 
1 
1 

566 s95 
623 
662 

703 

745 

809 
813 m 
877 

914 

920 

939 

1 
1 
1 
2 
1 

1 
1 
1 
1 
1 

I 
1 
1 
3 
7 

1 
1 
1 
1 
1 

1 
1 
1 
I 
1 

1 
1 
1 
2 
1 

0.49 
.43 

-.43 
"36 
.43 

.46 

.43 

.42 - a  -. 39 

15.1 ll. 7 -Kt. 6 
-10.1 
12.1 

10.8 
10.2 
10.4 
- L 6  
- X 6  

0.48 
-30 
.51 
-30 .a 
"27 -.a -. 33 
.42 
-31 

.% 

.37 

.% 

.38 

-.45 

.42 

"32 
"30 .37 -. 27 
-50 .34 

-a30 
-.36 
-33 

"38 
.39 
-30 -. 35 .3!3 

-.% 
.42 

.35 

.45 

.37 

.3L .34 
-30 .Jlc 
.40 

-38 
32 -. 33 

.37 

.E9 

16.1 
10.1 
17.2 
io. 8 
10.5 

-10. J 
- Y . O  
-10.2 
13.0 
10.3 

l8.4 
13.7 
n. 0 
12.0 
12.6 

-l4. e -1l. 0 
- L 3  
13.4 
-10.1 

18.4 

-10.1 
11.5 

-n. 5 
-10.0 

- L e  
10. g 

- a 9  
lo. 3 

a 9  
9.2 
-u.3 

Ik. 6 
12.1 

12.1 

3-0.3 
10.3 
Lo. 5 
l2.0 
13.1 

12.3 
-10.4 
10.4 

10.4 10. 0 



10 NACA RM L54FO7a 

Ses 

987 

005 1 -0.32 
"31 -. 39 
.33 -. 36 

.40 -.44 

.61 

.43 

-10.7 
-10.4 
-12.7 
U.9 -n. g 

lo. 1 
-=5 
l6.6 ll. 7 

561 I 1 
1 

579 1 

589 
1 
1 

583. 
582 

1 

5es 
1 

391 
1 
1 

593 2 

2 
1 
2 
1 
2 

z z 
bog 
6 ~ 5  

5 
I 

617 
618 

1 
1 

620 1 

-0.33 
* 32 
-31 
-30 - 32 

-33 
.38 -. 34 

- e 4 2  -. 30 
.37 
- 32 

.35 .50 
-.% 

10.0 
10.6 
10.2 
ll.2 

1L8 

-ll. 3 
13.9 

-l4.4 
-10.4 

10.6 
10.8 
10.4 
4.2 

-16. i 

12.3 
10.7 

=. 9 
10. g 
10.2 

10.1 lo. 1 
-12 8 
-10.8 
10.4 

-10.7 

-13.0 
J.l. 3 

10.4 
12.2 



*:*. 
e e.. 

e eo m e  0 
...e 

1 
1 
1 
1 
1 

1 
1 
1 

17 
17 

18 
1 
1 
I 
1 

1 
2 
1 
1 
1 

2 
3 
4 
4 
5 
6 
6 

6 
6 

6 

3 
3 
3 
3 
3 

3 
4 
4 
4 
4 

1 

1 
1 

1 
1 

1 

1 
1 

1 

"31 
.39 -.29 
.38 
.34 
A 0  
.37 .30 
-. 36 
.?A 

-.32 
-32 

-.34 .29 
-.37 

0.36 
* 30 

"36 
- 30 

.28 

0.31 
-.35 
.33 
.43 

"30 

- -43 
"31 .34 -. 44 

.35 

.46 -. 52 

-. 57 
.35 

.57 

-. 3? 
-. 38 
.42 -. 67 - 32 

.40 
-.32 
"46 - 30 -. 5k 
.a -. 33 
.40 

"31 
.41 

"31 
-30 

-. 60 
" 5 8  
45 

l4.1 
u.2  II. 6 

-13 - 3 
10.8 

- L 6  
3-4.3 

-10. g 
12.4 
10.6 

11.5 
n.5 
10.3 
11.0 
-12.0 

10.4 
-n.3 
10.8 
-12.1 
-13. a 

- a 8  
m.4 

11.8 
15.7 

-10.0 

-15 * 3 
-u. 1 
12.1 

-14.6 
11.4 

-18.4 
15.4 

-12 -4 
n.9 

19.9 

-13.6 
-12.9 
14.8 

45.2 
n.5 

l4.1 

-16.5 
-Y. 2 

EL. 1 
-18.2 

m.4 
-11.5 
14.1 -II. 0 
a . 3  

lo. 7 
-10.5 
-19.3 
-19.7 
14.1 



picture 
no. 

l/e-minute 
Interval 

Altitude, 

Flight 26, July 27, 1953 - C O U d M e d  

791 10 -2 0 -32 130 9, goo 1 
1 
1 
1 
1 

1 
1 

9, goo 
-.35 136 

16.0 .kg 126 
10.1 . x  125 

-10.7 

9,900 144 -.40 -11.3 
- .39 -11.9 

9,700 134 -35 m-7 
9,700 l2b - -36 -11.8 

;: 839 
e60 
861 

866 
863 

136 9,500 1 

Fl igh t  27, July 28, 1953 

1 
1 
1 
1 
1 

I 
1 
1 
1 
I 

2 
3 
1 

1 
1 

1 
1 

2 
2 
2 
2 
2 

1 

4 
1 

1 
2 

2 
2 

2 
1 
1 

1 
2 
1 

2 
2 

1 6;jOO 
5,400 

- I I I 66:E 

0.41 
.38 
-38 

"36 - .35 

- 32 - -43 
-50 

"50 - 33 

.38 - 37 

- -29 -57 

.55 
- .47 

- .38 
-33 

.36 

.43 
-33 
-43 

.34 
"48 

-37 - -29 - 32 

-4.8 
-36 - 30 
-28 
-28 

12.8 
12.0 
10.6 
-12.1 
-n .3 

10.0 

b . 3  
-16.9 
l l . 4  

11.4 
10.9 
M .4 
-io -6 
19.0 

-16.1 
y.7 

-12.8 
l l . 4  
13 -6 
U.1 
12.1 

-+9 

-10.4 
14 -2 

-10.3 
u.2 
43.1 

11.6 
-15.6 
12.4 
-10.4 
11.2 

17.2 

l l . 4  
12.9 

10. g 
10.1 

-14.1 
14.1 
-10-3 
14.6 

-12.4 



I'ACA RM L34F07a 

3'. 
0 0.. 

; .... 0. 

oomo . 
0.0. 

Radar 
pic tures  1/2-&lUte Ve I ft int=l-Val 

Altitude, Airspeed, Gust Acceleration 
", v e l o c i w ,  

no. %e, B mph 

2 

2 
2 

3 
1 

2 
1 

1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
2 
3 

2 
1 

1 
2 
2 
2 
2 

1 
1 

1 
1 

2 

2 
2 
3 

3 
3 

3 
3 
3 
1 
1 

1 
1 
1 

2 
2 

0 -9 
.38 
3 
-38 - -28 

- 37 

-45 
- 32 

31 - .35 

-37 - 32 

- -42 
- 32 

- -35 

-36 
-37 
-60 - .40 
.rl 

-.J4 
-.e 
-26 - -31 

"32 

"54 
.x 
27 -.36 - 3 0  

-.46 
-28 
.34 
-34 
-.26 

- .33 
"35 
.TT - 32 
.k 

.x, 
"36 - -30 .4a 
-97 

-.33 
"I 
"70 - -29 
-.32 

"35 - 31 
- -x 
-34 

-.42 

12.9 
14.6 
13.0 
14 -3 

-m.3 

13 -0 
11.0 
15-9 
ll.l 

-13 -5 

u.6 
10.9 

-14.7 
ll.1 

-12.9 

13 -5 
12.4 
20 -0 

-13.2 
10.6 

-l3.2 
-10.0 
10.0 

-n.7 
-11.6 

-12.5 
m.8 
m.5 

45 -9  -u. 5 

-17.4 

12.6 
l3.4 

-10.2 

-12.6 
-1J .7 

12.2 
m.4 

16.7 

-13.8 
n . 5  
-12.2 
17.2 

-33 - 7 

-11.8 
-14 - 7 
-Y.2 

-ll.O 

-13.2 
11.0 

-10 .k 
10.8 
-14.6 

10.8 

-10.7 



picture 112-minUte interval 
Altitude, 

no. 

1 I 8.600 

I 

0.40 
"37 - -39 
"34 
-30 

-31 - .29 
"31 

.35 

.39 
-52 
-44 

.38 

.39 

-63 
-31 
.3k 

-12.6 
10.9 

-u .3 
a l . 7  
11.1 

10 .o 

-10.1 
-10 -0 

14.9 
11.0 

12.2 
15 -3 
12.3 
13.8 

20.9 
12.4 

10.9 
u . 7  

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

-.32 
-40 

, -.65 
"31 

- 39 

- -32 

-41 
.w. 

"52 
.6l 



NACA RM L54FO7a 

f O... .. 
00.. 

0.0. 

Flight 31, August 18, 1953 - C ~ C M e d  

171 
I 3  8,100 1 
l-40 8,400 1 

227 
0.40 11.9 
"31 -U.O 

8,100 =9 
115 8,100 

.44 

8,200 
233 

-10.1 "31 129 1 232 

10.9 
15.5 - 30 

"30 -m.3 
l l .2  

- A  -16.7 
"49 -17.0 

228 1 
1 
1 

9, m 12.5 -36 121 

1 

1 
1 

8,200 

121. 8,200 

122 
1 -31 118 8, 

8,2W 120 

279 

331 
330 

"28 n 3  7, 6al 1 281 
"23 116 7, 1 

.35 

.39 

-m.2 
-10-3 
12.1 
L1.0 

5 7,600 

138 15 -1 - 50 7,800 1 

121 
1 7,700 148 

332 

13 -4 

14.9 
-10.5 - -39 154 7,600 4 

4 
4 
4 
5 

7,500 
7,600 

148 

13 -3 .4r 148 7,  500 
1% 7,600 
155 

.53 

-50 
"41 -ll.O 

Flight 32, A u g u e t  19, 195J 

1 
1 
1 
3 
3 

3 
3 

1 
1 
1 

2 
2 
2 
3 
3 

3 
3 

4 
4 

4 

4 

4 
4 

1 
1 

-15.2 

ll.1 
10:2 

.% -.u - .41 - -42 
"39 

- 65 
.46 

-.47 
"85 
-65 

.59 
-62 
-48 

- -42 
.52 

.44 
"46 
-.P 
"48 - 63 

14 .a 
-10.7 
-12.6 

-10.8 
-10.0 

16.0 
11.1 

-ll.3 
-21.4 
16.1 

15.0 
15.2 
12.7 
12.4 

-10.5 

11.7 
-12.1 

-12.1 
-12.5 

16.3 

m.4 
10. g 

-.53 -U -6 



16 NACA RM L54FO7a 

2 .. 
0 .  
0 0.. 

0.  
0 .  

3. 0.0 

1 
1 
1 

2 
1 

2 
1 
1 
1 
1 

1 
1 

2 
1 

2 

2 
2 

2 
4 

3 
4 
4 
2 
5 

6 
7 
3 

6 
6 

2 
2 
2 

17 
17 

6 

20 
14 

22 

21 
2 

Flight 36, 

0.40 - 70 
A8 - -43 
-41 

“40 
-52 
.w 

-.65 
-.53 

“42 
.43 .46 
-56 
.53 

- -42 
-46 
.39 
.43 
-45 

- .61 
.39 

.36 .a 
-39 

.w .38 .?a 
-.39 
.34 
.43 
.37 

-.39 
.35 
“37 

-.39 -.38 
. k l  

- -36 
.39 
.46 

10.1 

n . 7  
17-7 

42.3 
10.9 

-10.8 
14-8 
13.2 

-16 - 3 
-Ik -5 

-U-3 
n. 1 
12.0 
14.9 
4 . 5  

-10.6 
12.0 

10.6 
m.3 

n . 3  

10.4 
-1-7- 9 
10.0 
12.7 
11.1 

13-4 
10.1 

-11.9 
10.2 

10.1 

13.0 

-10.2 
3.0.3 

u. 1 
-11.0 

-11.9 
-10.1 

-10.2 
10.8 

10.4 
12.3 

0.42 - 35 
”31 
“34 

2 5  
.39 
-27 

10.4 
11.6 

-10.0 
-11.6 
11.7 
18.4 
12.5 

-0.33 
“35 
.36 

-.49 -.* 

~~~ 

-10.1 
-11.0 
r0.9 

-14.4 
-lo. 5 



0.00 
0 

0.0. 

0 

0 

L 

& 

631 

3 
1 

2 
1 

1 

2 

3 
3 

3 
9 

3 
4 
4 
4 
2 

2 
2 

42 
1 

1 

1 
1 
1 
1 
1 

1 
2 

2 

3 
3 

3 
3 

3 
3 

3 
3 

1 

1 
2 
2 
2 
1 

-0.39 
-.37 .J6 
-39 
.35 

-33 
.51 

-.w .44 
-32 

.35 
-.5s 
.% 
"45 

-39 

- 3  
-9 
-.45 

.38 .w 

-2% 
-49 

.37 

.39 
"48 

- -ss .32 - -31 

"42 
"33 

-52 
.47 

"41 
-A2 

.59 

- .74 
.43 
-.40 
-.40 

.59 

.;w 

.63 
-59 

"42 
-38 

-.PI - .3r 

-.52 -4s 

-39 

-.42 -.38 
-38 
-.40 
.36 

-u.6 
-12.1 
10.7 
L1.6 
L0.S 

u . 3  
10.0 
45.0 

-10.6 
l3.0 

-a*> n . 3  

-14.6 
11.8 

ll.4 

-10.9 
13.6 

11 .b 
10.8 

4 . 9  

-18.6 

-10.0 
lO.8 

-U.1 
-14.0 

15.3 
1 4  -7 

-10.7 
-10-7 
17.k 

-21.7 
12.4 
-1l.4 
-U.J 
16.1 

U.9  
16.6 
lO.0 
10.6 

-1l.2 

-1Q.3 
-10.8 

-17.0 
12.9 

12.0 

-12.6 
-1l.3 



? 


